Aim: It is thought that paranasal pneumatization could be a factor effective at the stage of nasal polyposis development. Pneumatization changes in the paranasal sinuses of those with nasal polyposis could affect mastoid aeration. Therefore, the aim of this study was to investigate any relationship between mastoid pneumatization and nasal polyps. Material and Method: Maxillary sinus, frontal sinus, mastoid and sphenoid pneumatization volumes were calculated based on paranasal sinus computed tomography (CT) images for a total of 133 patients, comprising 64 diagnosed with nasal polyposis and a control group of 69.
Introduction
Nasal polyposis (NP) is a chronic inflammatory disease, with a prevalence of 10% in the general population [1] . The physiopathology of nasal polyposis has not yet been fully understood. It has been suggested that in the etiology of nasal polyps, several factors play a role, such as atopy, aspirin intolerance, chronic inflammation, vasomotor imbalance, Bernolli phenomenon, epithelial rupture, genetics, cystic fibrosis and infection [2] . The development of pneumatization in the mastoid and paranasal sinuses of mammals has been studied because many functions are undertaken including the humidification and management of airflow in respiration, the control of air inspired, the addition of resonance during phonation and the reduction of weight in the head [3, 4] . The mastoid air cells and the paranasal sinuses are related to each other and pass through a similar pneumatization stage [5] . In recent studies using a 3D computer-based image reconstruction method, evaluations have been made of the paranasal sinuses, mastoid cells and the nasal cavity [5, 6, 7] . To the best of our knowledge, there has been no published study which has measured the maxillary, sphenoid and frontal sinus pneumatizations of patients with nasal polyposis using 3D computer-based image reconstruction. A reduction in pneumatization of the paranasal sinuses in patients with nasal polyposis can be evaluated as associated with the pathophysiology of the disease. However, the incidence of nasal polyposis seen before the age of 20 years is low, with the mean age at which it is seen of 42 years 8], whereas paranasal pneumatization develops at the age of 10-15 years [9] . Therefore, the hypothesis of this study was that individuals with lower paranasal sinus pneumatization would be more predisposed to the development of nasal polyposis. Therefore, the maxillary, sphenoid and frontal sinus pneumatizations of patients with nasal polyposis were measured using 3D computer-based image reconstruction and the changes in these sinus pneumatizations were evaluated together with mastoid pneumatization.
Material And Method
The study protocol was approved by the Local Ethics Committee and all procedures were applied in compliance with the Helsinki II Declaration. The patient consent forms are not available because this study was retrospective. Over a period of two years, the medical records of 133 patients were examined. The study included 69 patients in the control group and 64 patients diagnosed with NP in the Otorhinolaryngology Department. According to the findings obtained in the study, the power for the sample size was 0.99. The exclusion criteria included previous middle ear surgery, a history of otitis media, otitis media with effusion or cystic fibrosis, those with antrochoanal polyps, a perforated tympanic membrane, or an atrophic or sclerotic tympanic membrane. Patients diagnosed with chronic otitis media and mastoiditis (abduction of the soft tissue in the ear with or without ossicles erosion, opacification of the mastoid air cells, and demyelination of the mastoid trabeculae, mucosal thickening) on computed tomography (CT) were also excluded from the study. The control group consisted of 69 patients who presented at the ENT clinic with various rhinological complaints and for whom paranasal CT was requested for a diagnosis of septum deviation at the Otolaryngology Clinic, with age, gender, and septal deviation angles similar to those of the NP patients, but were not determined with NP chronic rhinosinusitis on paranasal CT. Axial and coronal twoplaned paranasal CT scanning of all patients was performed with a 1 mm slice thickness. NP was assessed according to Lund-Mackay CT scores [10] . All the CT images were assessed by 2 radiologists. The diagnosis of NP was made from the records of the patient examination and from CT imaging in accordance with the EO-POS 2012 guidelines [11] . Accordingly, the patients included in the study were those with a longer than 12-week history of nasal blockage / congestion /obstruction or nasal discharge or facial pain / pressure of reduced sense of smell / in addition to the symptoms of loss, endoscopic findings of nasal polyps and/ or mucopurulent discharge from the central meatus and/or oedema or mucosal obstruction in the central meatus. Those with mucosal changes in the ostiomeatal complex and/or the sinuses seen on CT were included in the study.
CT examination protocol
Paranasal sinus CT scanning was applied using a 16-detectorarray CT device (Alexion, Toshiba Medical Systems, Nasu, Japan). Paranasal sinus and mastoid air cell volumes were calculated from thin-slice paranasal CT using multi-slice computed tomography (MSCT, Alexion, Toshiba Medical Systems, Nasu, Japan, 120 kV, 120 mAs). The parameters were scanfield of view (FOV)250 mm (collimation: 64 x 0.625), and image matrix of 512 x 512. Following the scanning, the images were reconstructed and the paranasal sinus pneumatizations and the mastoid air cell pneumatizations were calculated on a workstation using the volume rendering technique (VRT) [12] . The images were analysed on a workstation (IntelliSpace Portal, Phillips Healthcare Nederland B.V., Best, Netherlands) by 2 radiologists with more than 10 years of CT experience. ( Figure  1 ).The mastoid cells were identified territorially by drawing the boundaries of the mastoid air cells for each side. The measurement process lasted an average of 15 minutes for each patient. The measurements were calculated according to the Cavalieri principle [13] . The presence or absence of petrous apex pneumatization was also recorded. 
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The direction of septal deviation was based on the convex degree of the septal curvature. The angles were calculated between the lines extending from the maxillary spine toward the crista galli, and from the crista galli toward the section of the nasal septum with the most deviations. The septal curvature convex side defined the direction of the deviation [14] (Figure 2 ).
Statistical comparison was made between the study and control groups in respect of age, gender, and septal deviation. The maxillary, sphenoid and frontal sinus pneumatization of the left and right sides of the patients and control groups were statistically compared separately. The mastoid pneumatization and the paranasal sinuses of the patient group were statistically compared separately in respect of pneumatization. Separate statistical comparisons were made of the mastoid pneumatization and the paranasal sinuses of the control group in respect of pneumatization.
Statistical Analyses
Analyses of the study data were made using SPSS software (SPSS, Chicago, IL). Continuous variables were given as mean ± standard deviation (SD), while the median (minimum and maximum values) and categorical variables were given as numbers and percentages. The materiality test of the difference between two averages was used in the comparisons of the independent group differences provided by the parametric test assumptions, while the independent samples T-test was used in the comparisons of the independent group differences not provided by the parametric test assumptions. Chi-square analysis was used in the comparisons of the categorical variables, while Spearman's correlation analysis was applied to evaluate the relationship between continuous variables. A value of p<0.05 was accepted as statistically significant.
Results
The study sample consisted of 133 patients, 64 of whom were diagnosed with NP and 69 constituting the control group. The patient and control groups were similar in respect of age and gender (p=0.875; p=0.516 respectively). The average age of the group with nasal polyposis was 47 ±1 4.37 (min -max: 18-74) and the average age of control group was 43.31 ± 14.25 (min-max:20-76). The demographic data of both groups are shown in Table 1 .
In 22% of the patients, septal deviations were determined in the midline, 44% of which were deviated to the right and 34% to the left. In the control group, 16% of patients showed septal deviation, 42% of which were to the right and 42% to the left. The septal deviation angle was 6.11° ± 3.07° in the NP group, and 6.21° ± 2.89° in the control group. The difference in septal deviation angle between the two groups was not statistically significant (p=0.864). In the scoring of the NPs, the left side was determined as 7.69 ± 3.28, the right side as 7.61 ± 3.51 and the total NP score as 15.30 ± 6.18. In respect of polyp grade, the two sides showed no statistically significant difference. A statistically significant negative correlation was determined between NP grade and the right-side sphenoid sinus pneumatization (r= -0.255, p=0.042). The maxillary, sphenoid and frontal sinus pneumatization of the NP group and of the control group are shown in Table 2 . The left-side maxillary sinus pneumatization was evaluated as 13.56 ± 6.94 cm 3 in the patient group and as 16.30 ± 8.01 cm 3 in the control group. A statistically significant difference between the two groups was determined (p=0.038). The left sphenoid sinuspneumatization was 4.20 ± 3.02 cm 3 in the NP Assessment of mastoid volume and paranasal sinuses volume group and 5.44 ± 3.97 cm 3 in the control group (p=0.047). The total sphenoid sinus pneumatization was measured as 8.68 ± 4.59 cm 3 in the NP group and as 10.65 ± 5.12 cm 3 in the control group, with the difference between the two groups determined to be statistically significant (p=0.021) (Figure 3 ).
The mean mastoid pneumatization volumes of the NP patient group and the control group are shown in Table 3 . A statistically significant difference was observed between the two groups in the right and in the left mastoid pneumatization volume (p=0.001; p=0.001 respectively) (Table3). The overall average mastoid pneumatization volume was measured as 6.25 ± 4.38 cm 3 in the NP group and 10.27 ± 6.15 cm 3 (range 2.87-28.2) in the control group. A statistically significant difference was observed between the two groups (p=0.001) (Figure 4 ).
In the NP group a statistically significant positive relationship was determined between mastoid aeration and the maxillary, sphenoid and frontal sinus pneumatization. In the control group, a statistically significant positive relationship was determined between mastoid aeration and the maxillary and frontal sinus pneumatization.
Discussion
In this study, the left-side maxillary sinus, sphenoid sinus and frontal sinus pneumatization in the patients with nasal polyposis were statistically significantly smaller than those of the control group. There are 2 hypotheses related to the difference between individuals: the first is that pneumatization can be defined genetically and the second is that environmental factors, in other words, pathological events in childhood, can affect pneumatization [5] . Sinus pneumatization is completed in females by the age of 10 years and in males by the age of 15 years [9] . The pneumatization of mastoid air cells is completed with the development of petrous air cells and finishes in the pubertal period [15] . In those with low mastoid aeration and later ear infections, there is known to be an increase in the incidence of adhesive otitis and chronic otitis [9] . Similarly, low pneumatization volume in the paranasal sinuses and the triggering of chronic inflammation may be a factor in the formation of nasal polyposis. Patients with maxillary hypoplasia or those with small dimensions may be predisposed to rhinosinusitis associated with malpositioning of the ostium location [16] . From another point of view, an infection in the period when pneumatization is continuing could be considered to cause both reduced pneumatization and the formation of nasal polyposis. The decreased paranasal sinus pneumatization is thought to be the reason for rather than result of nasal polyp development, because pneumatization has completed by the age of 18-20 years and the nasal polyps developed at a later age. Due to the close anatomic relationship of the middle ear and the sinonasal cavity, disease in any localization of one, for any reason, affects the other [17, 18] . In a study of an elderly population by Hong et al, the frequency of chronic otitis media was found to be greater in those with chronic rhinosinusitis with nasal polyposis [17] . In the current study, the maxillary sinus pneumatization was measured as 13.8 ± 6.5 cm 3 in the nasal polyposis group and as 15.85 ± 7.27 cm 3 in the control group. In a study by Karakas et al, maxillary sinus pneumatization was measured as 14.05 ± 7.34 cm 3 [9] . In a study by Park et al, it was determined as 14.83 ± 1.36 cm 3 and by Aydın et al as 15.1 ± 4.6 cm 3 in patients with antrochoanalpolyposis and as 12 ± 3.5 cm 3 in the control group [6, 19] . In the current study, a smaller maxillary sinus volume was determined in patients with nasal polyposis. 
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The first research on mastoid pneumatization size was conducted by Diamant, who calculated an adult average of 12.07 cm2 [20] . In a study conducted on 30 cadavers, Todd determined an average mastoid pneumatization volume of 7.59 ± 3.9 ml [21] . Sade reported mastoid pneumatization volumes of 12.9 ± 4 cm2 in 150 normal ears and 17.4 ± 5 cm2 in 150 otosclerotic ears [19] . Sato showed a significant difference in mastoid pneumatization volume between a group of 289 patients with chronic otitis media and a group of 73 patients with traumatic tympanic membrane perforation [22] . In a study by Kim et al. on correlations between the paranasal sinuses and mastoid air cells, mastoid aeration was found to be 13.231 cm2 [5] .
In the current study, the pneumatization of mastoid air cells was determined as 6.25 ± 4.38 cm 3 in the nasal polyposis group and as 10.27 ± 6.15 cm 3 in the control group. In literature, it has been thought that these differences could be associated with ethnic differences. In the current study, it was noticed that in general, the values of the control group were close to those reported in the literature. However, the mastoid pneumatization in the nasal polyposis group was determined to be lower. Studies in literature have observed a correlation between the sphenoid sinus and mastoid pneumatization [5, 23] . This correlation was determined in both the control group and the nasal polyposis group of the current study. In the nasal polyposis patients with a small sphenoid sinus pneumatization, the left maxillary sinus pneumatization was also smaller than that of the control group. Sphenoid sinus pneumatization was reported in studies by Amedee et [13] . In the current study, the total sphenoid sinus pneumatization was 8.68 ± 4.59 cm 3 in the nasal polyposis group and 10.65 ± 5.12 cm 3 in the control group. There was a statistically significant negative correlation between the sphenoid sinus right-side compartment pneumatization and the Lund-Mackay scores in the nasal polyposis group. Thus, a correlation was shown between an increase in polyp grading and a reduction in sphenoid sinus pneumatization. This finding supports the study hypothesis. It is expected that mastoid pneumatization will be affected in the same way in patients with less developmental sinus pneumatization [13] . As a consequence of our study, the result of reduced sinus pneumatization predisposing to nasal polyp development has emerged. And because of the correlation between pneumatization of the sinuses and the mastoid pneumatization in the developmental stage, it was concluded that decreased mastoid pneumatization has been observed in patients with nasal polyposis. A limitation of this study was that it was cross-sectional in design. Further studies of longer duration and evaluating patients according to age groups would provide more meaningful data. In this study, a decrease was determined in maxillary, sphenoid and mastoid pneumatizations in patients with nasal polyposis, suggesting that individuals with a smaller maxillary sinus and sphenoid sinus pneumatization could be more predisposed to the formation of nasal polyposis. The study can be considered a guide for further studies of the pathologies and relationships between these areas using the 3-D CT image reconstruction method.
Conclusion
In this study, using the 3-D CT image reconstruction method, a decrease was determined in the maxillary sinus, sphenoid sinus and mastoid air cells pneumatizations in patients with nasal polyposis. This reduction in sphenoid sinus and maxillary sinus volumes can be considered a risk factor for the development of nasal polyposis.
